patterns and lifestyle may have contributed to the increased BMI and NCDs in these refugees at 2 years post-settlement.
Introduction
Several studies have reported that Middle Eastern (ME) refugees have a high prevalence of mental or behavioral disorders after resettlement [1, 2] . We have previously shown that Iraqi refugees suffer from more posttraumatic stress disorders (PTSD), trauma, depression, and other mental health issues than the general population and ME immigrants who have not been exposed to war [3, 4] . However, work to date is mostly cross-sectional, retrospective or based on studies of non-random samples of refugees that have already resided in their new country for a period of time [5] [6] [7] . This makes it difficult to delineate whether chronic disease conditions express themselves before or after displacement from the old country and the relationship between risk factors and disease processes. In the study conducted by Dookeran et al. [7] , significant numbers of refugees and asylees suffered from overweight/obesity and hypertension. However, the rates of heart disease, diabetes and anemia were low relative to the U.S. population. Our previous research has also shown that Iraqi refugees gained weight rapidly and had significant increases in hypertension, stress and depression at the end of year one FU (Y1 FU) [8] . It is known that psychological distress increases with length of stay [9] . Hence strategies to maintain refugees' mental and physical health after resettlement in the U.S. should be a top priority in public health.
Abstract
We have reported that none of the psychological/mental variables examined predicted the increase in BMI and non-communicable diseases (NCDs) in Iraqi refugees after 1 year resettlement in Michigan. We continuously followed the same cohort of refugees for 2 years (Y2 FU) to further determine the gender difference in predicting of increased BMI and NCDs. Only 20% of the BMI variability could be accounted for by the factors examined. Number of dependent children and depression were positively and stress negatively associated with BMI in male refugees but not in females. Number of dependent children was negatively associated with changes in BMI and in males only. Two-third of the NCD variability was accounted for by gender, BMI, employment status, depression, posttraumatic stress disorders and coping skills. Unmarried, unemployed and with high PTSD scores at Y2 in males were positively and number of dependent children was negatively associated with NCD changes in females. Factors such as dietary
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In our previous study, we investigated a number of mental/psychological and physical health factors but none predicted increase in body mass index (BMI) at Y1 FU [8] . After resettlement in a new country, refugees not only suffer prior and ongoing stress or trauma, but may also experience financial strains, acculturation pressure and an undesirable neighborhood. Iraqi refugees are twice as likely to be unemployed than Iraqi immigrants [10] , suggesting a more difficult economic condition for refugees. The economic conditions could affect diet pattern since individuals with low SES spend less money per 1000 kcal of food and are more likely to purchase food high in fat but low in nutrient content [11] . This increases the risk for increased energy intake and obesity. Collectively, environmental factors that refugees commonly face could directly and indirectly contribute to the increased risk of obesity and NCDs [12] , contributing to the health disparities in refugees.
We have reported no sex difference in BMI at the time Iraqi refugees arrived in the US. However, after one year in the US, female refugees had gained more weight than males. Linear regression analyses were not able to identify significant predictors for this sex-related difference [8] . The purpose of this study was to continue to track BMI and NCDs in our cohort of Iraqi refugees during Y2 FU and to determine what risk factors might be predictive of adverse weight and NCD development and to what degree there are sex-related differences.
Methods

Participants
Detailed description of the refugee sample has been presented in a previous study depicting the changes during the first year post-resettlement [8] . In brief, 298 refugees were randomly selected from a computer generated list of newly arrived refugees provided by our community partners. For the FU, 290 refugees were still remaining at the end of Y1, and 282 at Y2. The retention rates are 97.3% and 94.6% for Y1 and Y2, respectively. The mean age at baseline level (BL) was 33.4 ± 11.3 years old (18-69 ears) and 137 (46%) were females. The mean time that participants had been in the U.S. at the BL, Y1 and Y2 FU assessment was 1.0 ± 1.1 (mean ± SD), 12.5 ± 1.1, and 24.8 ± 1.5 months respectively. Other description of these refugees are presented in Table 1 .
Informed consent was obtained from all participating refugees. All procedures and materials were approved by the Institutional Review Board of Wayne State University (Protocol#: 025509B3F).
Measurements
All the questionnaires and measurements used in this study have been described previously and were administered in a structured interview procedure [8] (Table 2 ). All these measures were administered at BL, Y1 and Y2. Employment status was determined by a yes or no answer to a question: are you currently working? Persistent financial problems was the dichotomized answer (sometimes, often, almost always vs almost never and rarely) to the question: "How often do you experience daily money problems?" Post-displacement stressors was calculated as the sum of all "yes" responses to the Harvard Trauma Questionnaire questions. Since the residues of BMI, BMI changes, NCDs and NCD changes were normally distributed, a 4-model linear regression was conducted to identify potential predictors of, or factors associated with BMI or changes in BMI at Y2 and NCD or NCD changes at Y2 using data collected both at BL and Y2. In model 1, BMI and NCDs were predicted by age, sex, education levels, marital status, number of dependent children, and employment status. In model 2, stress levels, PTSD, depression and discrimination at BL or Y2 were entered as potential predictors or associated factors. Financial strain and postdisplacement stressors were added in model 3. In model 4, scores of social support, resilience, life-meaning, coping and acculturation were added. All statistical analyses were performed using IBM SPSS version 23 (IBM Corp., Armonk, NY). The significance level was set to a twotailed p < 0.05.
Results
Self-Reported Health
Number of refugees who reported having "excellent health" decreased from 31.1% at BL to 12.4% at Y2 while reporting of "good health" increased from 12.0 to 36% during the same period of time (p = 0.003). Percentages of refugees who reported as having "very good", "fair" and "poor" health did not change. Similar changes in self-reported mental health status were observed over the 2 year period (p < 0.0001).
BMI/changes in BMI
The mean BMI at BL, Y1 and Y2 FU levels were 26.6 ± 4.9, 26.9 ± 4.8 and 27.4 ± 4.9 kg/m 2 respectively. There was a significant increase in BMI (p < 0.0001) and an upward shift from lower categories to higher ones over time (p = 0.002, Fig. 1 ).
Sex Difference in BMI Changes
Female refugees had significantly lower BMI at BL than males (25.7 ± 4.6 vs 27.2 ± 5.0, p = 0.007) but gained significant more weight than males during the 2 year FU (1.4 ± 0.2 kg/m 2 for females and 0.4 ± 0.2 kg/m 2 for males, p = 0.001). BMI at Y2 showed no sex difference. Number of dependent children at Y2 was positively correlated with BMI at Y2 FU for male but not with females. Changes in BMI and number of dependent children were correlated in both male and female refugees (Table 3) .
There were sex associated differences in the relationships between BMI at Y2 and psychological/mental factors. BMI of female refugees were negatively correlated with discrimination, social support, resilience, life meaning, coping, and acculturation (Table 3) . Females' BMI was positively correlated with stress, depression, PTSD, total NCDs, post displacement stressors and financial problems. For male refugees, BMI was not related to social support, resilience, life meaning, coping skills, acculturation, postdisplacement stressors and financial problems. However, male refugees' BMI was positively correlated with depression, PTSD and total NCDs, and negatively correlated with discrimination. No sex difference in the relationships between changes in BMI and all the factors examined.
Effects of Interaction of Sex and Other Demographic Factors at Y2 in BMI at Y2 and BMI Changes
Married refugees had higher BMI than singles (divorced, widowed or separated) ( Table 4 ). There was no interaction of sex and marital status on BMI or changes in BMI. Refugees with dependent children had significantly higher BMI than those without (Table 4) . Females with children gained more weight than males with children. Hence a significant interaction of sex and with/without children was observed.
Refugees who were employed at Y2 had lower BMI than unemployed. There was no sex by employment interaction on BMI, nor BMI changes. Refugees with persistent financial problems had higher BMI at Y2 FU (p = 0.001). However, no difference in changes in BMI was observed between those with and without persistent financial problems. No interaction between financial problems and sex was observed for BMI or BMI changes.
Non-Communicable Diseases at Y2 FU
There was a significant upward trend toward higher number of NCDs with increasing time in the US (p < 0.0001, Fig. 2 ; Table 5 ). No sex difference was observed neither in total number of NCDs, nor in the numbers of new NCDs during the first 2 years. Changes in NCD were related to different factors in males and females (Table 6 ).
Effects of Interaction of Sex and Other Demographic Factors at Y2 in NCDs at Y2 and NCD Changes
Married refugees had significantly higher number of NCDs as compared to singles (Table 4 ). There were significant interactions between sex and marital status at Y2 (p < 0.0001) on total and changes in NCDs. The changes in NCD numbers according to sex and number of dependent children at Y2 also show the similar pattern. There were significant interactions between sex and employment status at Y2. Refugees experienced persistent financial problems at Y2 had higher number of NCDs and new NCDs than those without financial problems. No sex and financial problem interaction on NCD nor changes in NCD was observed.
Predicting BMI, BMI Changes and NCD and Their Changes Using Linear Regressions
BMI at Y2 FU
A 4-model linear regression analysis revealed that BMI at Y2 could only be predicted positively in all models by BMI at BL, but negatively predicted by number of dependent children in model 4. No other BL data predicted BMI at Y2. On the other hand, using Y2 data, BMI at Y2 was positively associated with sex, age, number of dependent children, depression, and negatively by discriminations when both sexes were combined at Y2 (Table 7) . Females' BMI was not associated with any of the variables studied at Y2 while males' BMI was positively associated with the number of dependent children, depression, and negatively by stress at Y2. Only 20% of the variation in BMI at Y2 FU could be accounted for by all the factors examined at Y2.
Changes in BMI from BL to Y2 FU
For all the BL data collected, BMI changes could be negatively predicted by BMI at BL and number of dependent children. BMI changes were associated with following data collected at Y2: BMI, marital status (married gained more weight), and age (younger refugees gained more weight). For females, Y2 age negatively and Y2 stress positively associated with changes in BMI (p < 0.05). Married male refugees gained more weight but number of dependent children was negatively associated with the BMI changes. With all possible Y2 factors entered into the linear regression, only 12% of the variation in BMI changes could be predicted. 
NCDs
Total number of NCDs at Y2 was positively predicted by age and BMI at BL but negatively by education levels at BL. Table 8 presented associations of different factors at Y2 and NCDs at Y2. Sex (males), age, BMI at Y2, unemployment, depression at Y2, PTSD at Y2 and poor coping skills were positively while number of dependent children was negatively associated with higher number of NCDs when both sexes were combined. Total NCDs was also associated with higher post-displacement stressors in model 4. Females with older age, higher BMI at Y2, and unemployed had more NCDs while those with more dependent children, and with healthy coping skills at Y2 had lower number of NCDs (data not shown). Male sex, older age, higher PTSD and depression scores at Y2, and unemployment at Y2 were associated with a higher number of NCDs. About two-thirds of the variation in NCD numbers could be explained by the factors examined.
Changes in NCDs
NCD changes from BL to Y2 were predicted by age and BMI at BL in model 1. In model 2, BL age, BMI and depression at BL were positive predictors for NCD changes while number of dependent children negatively predicted NCD changes. In models 3 and 4, BMI at BL lost its predicting power. Using data collected at Y2, it was identified that age, BMI and unemployment at Y2 FU were associated with more changes in NCDs. More dependent children was associated with lower number of new NCDs. Changes in females' NCD were associated positively with BMI at Y2 and negatively by number of dependent children (data not shown). For males, being married, unemployed and having higher PTSD scores at Y2 indicated higher number of new NCDs. Only a quarter of the variation in NCD changes could be accounted for by the factors examined.
Discussion
This study is unique in that we were able to follow a random sample of newly arrived refugees to determine predictors of changes in BMI and NCD load during their first 2 years in the US. We have previously reported a significant BMI increase and an upward shift in BMI distribution during refugees' first year in the US. Furthermore, the number of refugees diagnosed with hypertension increased during their first year [8] . Similar results have been reported by others [7, 19] . In this 2-Year FU study, body weight and number of new NCDs continued to increase. Sex differences were observed in factors associated with BMI and NCD at Y2 FU.
Factors Associated with BMI and BMI Changes at Y2 FU
Contrary to the common belief, number of dependent children at Y2 was correlated with higher BMI at Y2 FU for males but not for females even though females with dependent children gained more weight than females without children. Changes in BMI in both males and females were positively correlated with number of dependent children. Yun et al. has reported that refugees without children were less likely to become overweight, but equally likely to become obese compared with those with dependent Table 7 Multiple linear regression models associating BMI and changes in BMI at Y2 FU children, although their study did not examine possible sex effects [19] . It has been reported that women's weight is positively related to parity but there are many modifiers (race, sociodemorgraphic, age) that influence this relationship [20, 21] . There is no study investigating such relationship in fathers, hence it is not clear if this is a direct association or through yet unidentified factors that generate this result. When examining changes in BMI from BL to Y2, having more dependent children was associated smaller changes in BMI in males but more changes in females. Factors other than those investigated in this study must have contributed to the weight gain in females and deserve further investigation.
Using Pearson's correlation analyses, our data revealed that for females, BMI at Y2 was positively correlated with many negative psychological variables, post-displacement stressors and financial problems but negatively correlated with social support, resilience, life meaning, coping skill and acculturation. No such relationship existed in males between factors associated with positive traits and BMI, suggesting a significant sex difference in responding to environmental factors. A positive attitude and a supportive environment may have alleviated some of the adverse effects of post-displacement stressors in trajectory of body weight in females even though females still gained more weight than males. However, linear regression analysis did not reveal any contributions of these factors to BMI at Y2. Apparently, these factors must have worked through a common underline mechanism to produce their effects on BMI at Y2. To identify the common pathway and its effect on body weight should be a future research goal.
Multiple regression analysis did not identify acculturation as a predictor of BMI or changes in BMI at Y2. However, acculturation was negatively correlated with BMI in females, with no association in males. Our findings do not agree with those reported by others. For example, in Nelson-Peterman et al's cross-sectional study, female Cambodian refugees with higher acculturation scores had elevated BMI [22] . For Latinos, acculturation also contributes to higher BMI [23, 24] . Delavari et al. reviewed the literature and identified eight cross-sectional and one longitudinal (1 year) studies investigating the effect of acculturation on body weight among migrant population residing in affluent countries [25] . Positive correlations were reported in six studies. The remaining three reported negative relationships in females. It is apparent that sex interacts with acculturation to affect BMI. Acculturated females in affluent countries may have adopted the culture of host countries and practiced dieting behavior to prevent weight gain. This may also partially explain why there was no relationship between number of dependent children and BMI, and there is no factor other than age that predicted BMI or BMI change for females. On the other hand, the length of stay in the host country was positively correlated with BMI [25] . It should be noted that the current study followed a random sample of newly arrived refugees for 2 years with very low attrition rate, while most of previously research used crosssectional samples or with only 1 year FU. Therefore, any differences between baseline and Y2 FU observed in the current study represent the real changes within each refugee after resettlement. This longitudinal design provides more accurate description regarding refugees' post-displacement changes in mental and physical well-being and identifies new stressors they face in the host countries. Stress affects body weight in a complex fashion. Acute stress may reduce food intake hence body weight while chronic stress may increase food intake and weight gain, especially in men [26] . In our study, we observed that using regression analysis, stress was negatively associated with BMI at Y2 in males but not in females. However, stress at Y2 positively predicted BMI changes in females but not in males. Matheson et al. have reported that men residing in poor neighborhoods had higher stress levels and gained less weight while women gained more weight than those living in affluent neighborhoods [27] . It is known that when under stress, women are more likely using food to manage stress while men are more likely using smoking or drinking as a way of dealing with stress [28] . We did observe a significant increase in drinking and smoking cigarette/hookah behaviors (data not shown) in males. This sex difference in behavior may explain the difference in predicting BMI and BMI changes. Therefore, future intervention strategies should be sex specific and take neighborhood conditions into consideration as suggest by Matheson et al. [27] .
Even with all the factors investigated in this study, only about 20% of the variation in BMI at Y2 and 12% in BMI changes could be explained. Hence factors not included in this study accounted for the majority of the variation in BMI. It is speculated that eating behavior/food intake patterns and lifestyle may contribute significantly to these variations and deserve further investigation.
Predictors for NCDs and NCD Changes
Our data showed that BMI and NCD were regulated by different factors. NCDs are more likely related to the psychological/mental factors and employment status while BMI relates to other factors in need of detailed studies in the future. Similarly, about 25% of the changes in the numbers of NCDs can be accounted for. There is an urgent need to identify these "other factors" which contribute to the changes during the early post-displacement years.
When the refugees arrived in the U.S., their NCD rates were lower than the general U.S. adult population, suggesting that upon arrival in the US, refugee's health status was generally better than that of U.S. adults, which has been referred to as the "healthy refugee" effect [29] . Significant increases in percentages of refugees suffering from hypertension, diabetes, hypercholesterolemia and arthritis were observed over the 2-year FU. The prevalence of diabetes at Y2 FU was not different from the general U.S. population. As refugee settle in a new country and start to acculturate to the new culture and environment, their health status decline [9, 29] . Early post-settlement period becomes a critical period to establish a healthy lifestyle and eating habits for refugees. If no effective intervention is in place during the early period, rates of NCD in refugees will catch up with those of the U.S. adult population.
With linear regression analysis, post-displacement stressors and persistent financial problems were not associated BMI, BMI changes, total NCD at Y2 and NCD changes. However, employment status and financial problems were correlated to BMI and NCDs at Y2. Employment status exerted more influence in changes in BMI and NCDs than persistent financial problems. It is postulated that employment, regardless of the level of employment, may have alleviated some the financial burdens and thus reduced stressors and the resulted changes in NCDs.
From the linear regression results of BMI and NCDs, it can be concluded that psychological/mental factors affects total NCDs at Y2 but not NCD changes, nor BMI/BMI changes. These results point to a need to identify other factors not examined in this study as predictors of weight gain and NCDs, including diet and physical activity patterns.
Limitations
Lack of records of diet and daily activity levels is a limitation since only a small portion of the variations in BMI, BMI changes and NCD changes can be predicted by factors examined in this study. Furthermore, a majority of refugees in this study were Christians, the results may not apply to other religious groups from ME region. This study only followed the refugees for 2 years, while some of the NCDs take a longer period to develop. Future studies should recruit newly arrived ME refugees from various religion groups, follow them up for several years and include even more comprehensive data, including dietary and daily physical activity records.
Conclusion
By being able to prospectively follow a random sample of newly arrived refugees, we were able to measurably enhance our understanding of risk factors for adverse health development in males. However, our model was less successful in predicting adverse health changes in females. Future research needs more details to determine changes in exposure to risk and resilience factors in male vs female refugees, as well as possible changes in biopsychosocial reactions to such stressors and resilience factors.
